m he National Bureau of Standards' was established by an act of Congress on March 3, 1901 . The ff Bureau's overall goal is to strengthen and advance the nation's science and technology and facilitate their effective application for public benefit. To this end, the Bureau conducts research and provides: (1) a basis for the nation's physical measurement system, (2) scientific and technological services for industry and government, (3) a technical basis for equity in trade, and (4) In order to minimize errors, two approaches to measuring voltage have been used: a true-rms differential voltmeter and an ac-to-dc converter followed by a dc-to-frequency converter.
A fast-response, low-frequency sampling voltmeter, developed at NBS, will soon be tested in this application. Transverse motions of the mounting table for these exciters have been measured using two accelerometers mounted with their principal axes mutually perpendicular to the direction of motion. These and other determinations provide assurance that the transverse acceleration is no greater than 1.5 percent of axial acceleration [7] . A stagger-tuning method has been developed for building such exciters which have low waveform distortion, minimal errors due to transverse motion, and a relatively good approximation to flat frequency response over a wide range [8] .
The NBS piezoelectric exciters can be used over a frequency range from 3,000 Hz to 30,000 Hz, but comparison calibrations are routinely requested only over the range from 3,000 to 15,000 Hz.
A simplified representation of a piezoelectric exciter is shown in Fig. 4 . The This approach to maintaining a 2 percent uncertainty up to 10,000 Hz has been used at NBS since 1981 [9] .
If the accelerometer to be calibrated is of the single-ended type, the standard must be of the back-to-back type, and vice versa.
The rest of the measurement system and procedure remain unchanged [10, 11] . The voltage ratio is given by R = Ei4 / E,; (6) where E^^= voltage generated in the standard accelerometer and amplifier, and^1
5~o pen-circuit voltage in the driving coil.
After R , Jj. , Jj , Q^a nd Q. have been determined for a number of frequencies, f, the sensitivity of the exciter is calculated using the relationships (given in Refs. 13-15): where j = the unit imaginary vector, J = Jr + JJi . Q = Q, + jQi , and
The sensitivity of the exciter is, therefore, determined from the measured quantities Q, J, T, f, and the masses M^^which are attached to the exciter table.
The sensitivity as computed from eq. (7) has the units of V per m/s/s if the values of the measurands are in the SI system. If the masses M^^are not in kilograms, appropriate conversion factors must be applied to the quantities J, Q, and M. A commonly used engineering formula [17] , with the mass expressed in pounds and the sensitivity in mV per g, is S = 2635 (RJ/ jf) 1/2 , (8) which assumes that MQ/J « 1, a condition usually satisfied in practice. The use of a computer greatly facilitates the application of the reciprocity calibration process.
A desktop computer programmed in BASIC performs the necessary calculations and controls the acquisition of data [15] .
Originally stainless steel masses were used, but they limited the usable frequency range to about 5 20 kHz, depending on the vibration exciter used. The measurement system is shown schematically in Fig.   9 .
If the difference of the interferometer optical path length, 2\ = 2(Lj -L2 ), is modulated by periodically vibrating one of its mirrors, both the amplitude and the phase of this modulation are encoded in the intensity of the light impinging on the photodetector.
The sensitivity of a pickup is defined as the ratio of its electrical output to the mechanical input.
In the case of an accelerometer excited by sinusoidal displacement, the magnitude of the sensitivity S is given by S = V2 E / (2 77 f)2 d, (9) where f is the frequency, d is the peak value of the vibratory displacement, and E is the rms value of the accelerometer output.
Because the value of d in Eq. (9) is determined by the wavelength of the light used, the method is described as absolute, although, in a strict sense, this designation applies only to the displacement measurement.
The basis for the measurement is the following equation for the time-averaged output, I, of the photodetector [18] : 1= A +B cos(47tA / X )J^(4iT d/X ), (10) where J^^is (13) from which S can be calculated. When the vibration exciter is set precisely at 121.10-nm peak displacement and the acceleration is expressed as a multiple of the standard acceleration of free fall, g = 9.80665 m/s/s , the working formula for sensitivity becomes S = (2.9008/ P ) El^^o mV per g, (14) where E is the rms value of the accelerometer output in millivolts, and f is the vibration frequency in kilohertz.
Details of the measurement of the magnitude of S are given in Ref. 18 An active method of stabilization has also been successfully tested [20] .
A He-Ne laser is used in this interferometer. The fixed mirror, fabricated of fused silica, is mounted in a holder with micrometer adjustments for rotation and tilt.
The fused silica beamsplitter is in a similar mount. The beat-frequency oscillator of a wave analyzer serves as signal source to drive the exciter and also to filter the photodetector signal. The configuration is shown in Fig. 10 .
To make amplitude measurements, the following procedure is followed. Before energizing the exciter, the interferometer must be aligned by use of the micrometer adjustments on the beam splitter and fixed-mirror mounts. After energizing the exciter, the translation stage of the photodetector is adjusted for maximum voltage on the analyzer meter. To achieve maximum signal-to-noise ratio, small adjustments in the position and orientation of the photodetector assembly are required. The amplitude of the photocurrent follows the form [21] : 
